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XenopusNumerous Ca2+ signaling events have been associated with early development of vertebrate embryo,
from fertilization to organogenesis. In Xenopus laevis, Ca2+ signals are key regulators in the earliest
steps of the nervous system development. If neural determination is one of the best-characterized exam-
ples of the role of Ca2+ during embryogenesis, increasing literature supports a determining role of
organogenesis and differentiation. In blastula the cells of the presumptive ectoderm (animal caps) are
pluripotent and can be induced toward neural fate with an intracellular increase of free Ca2+ triggered
by caffeine. To identify genes that are transcribed early upon Ca2+ stimuli and involved in neural deter-
mination, we have constructed a subtractive cDNA library between neuralized and non-neuralized ani-
mal caps. Here we present the expression pattern of three new Ca2+-sensitive genes: fus (fused in
sarcoma), brd3 (bromodomain containing 3) and wdr5 (WD repeat domain 5) as they all represent
potential regulators of the transcriptional machinery. Using in situ hybridization we illustrated the spa-
tial expression pattern of fus, brd3 and wdr5 during early developmental stages of Xenopus embryos.
Strikingly, their domains of expression are not restricted to neural territories. They all share a speciﬁc ex-
pression throughout renal organogenesis which has been found to rely also on Ca2+ signaling. This there-
fore highlights the key function of Ca2+ target genes in speciﬁc territories during early development. We
propose that Ca2+ signaling through modulation of fus, brd3 and wdr5 expressions can control the tran-
scription machinery to achieve proper embryogenesis. This article is part of a Special Issue entitled:
12th European Symposium on Calcium.
© 2012 Elsevier B.V. All rights reserved.1. Introduction
During embryonic development, a rise in intracellular Ca2+ is
becoming a widespread trigger to direct cell stemness towards a specif-
ic tissue fate. Numerous developmental Ca2+ signaling events have
been associated with the early development of vertebrate embryos,
from meiosis, through fertilization, differentiation and organogenesis
[1–6]. In Xenopus laevis, Ca2+ signals are important regulators in the
earliest steps of nervous system developmentwhich relies on neural in-
duction [1,7]. Neural induction is the process by which naive ectoderm
is induced towards neural pathways. In amphibian, Ca2+ is a necessary
and sufﬁcient signal to convert the ectoderm into neuro-ectoderm [8].
Indeed, naive ectoderm isolated at blastula stage (animal cap) can beopean Symposium on Calcium.
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rights reserved.induced to differentiate into neurons and glial cells following short
term culture in presence of caffeine, which triggers a rise of intracellular
Ca2+ [9]. And this ex vivo assay was further used to characterize the
Ca2+ signaling pathways that lead to the expression of neural speciﬁc
genes.
Using this animal cap assay we have previously generated a sub-
tractive library to identify genes speciﬁcally involved in neural in-
duction. We have ﬁrst isolated mlp as an early Ca2+-responsive
gene since it was activated within 30 min upon Ca2+ transient sig-
nals [10]. It is expressed in neural territories from gastrula to tailbud
stage. Then another Ca2+ responsive gene, prmt1b, has been dis-
covered using this strategy. It codes for the Protein aRginine
MethylTransferase 1b that turned out to be a keymodulator of neural
fate determination in the amphibian embryo [11,12]. More recently
we have reported that p54nrb is an additional Ca2+-responding
gene involved in anterior neural patterning [12]. We found that a
speciﬁc down regulation of this RNA-binding protein leads to
neurogenesis defects and ocular abnormalities [12]. The major ex-
pression pattern of these three Ca2+-responding genes is found in
the developing nervous system, and it is conserved in mammalian
1666 A. Bibonne et al. / Biochimica et Biophysica Acta 1833 (2013) 1665–1671embryos [13–15]. If neural determination is one of the best character-
ized examples of the role of Ca2+ during embryogenesis, emerging liter-
ature reports its previously unrecognized role in organogenesis and
differentiation such as muscle formation [16] and kidney development
[17,18].
HowCa2+ signaling can achieve these pleiotropic effects during em-
bryogenesis is still poorly understood. In this study we reveal the ex-
pression pattern of three additional Ca2+ early target genes isolated
from our original screen, fus (fused in sarcoma), brd3 (bromodomain
containing 3) and wdr5 (WD repeat domain 5) during Xenopus laevis
development. They all represent potential regulators of the transcrip-
tional machinery in early Xenopus development. Fus belongs to a family
of protein known as FET, which includes Ewing's sarcoma and TATA-
binding protein-associated factor15, and encodes a RNA-binding pro-
tein. Fus regulates various aspects of RNA metabolism and processing,
as well as micro RNA biogenesis [19]. In human, RNA processing alter-
ations caused by FUS mutations can trigger premature degeneration of
motor neurons in amyotrophic lateral sclerosis [20]. Interestingly the
nuclear-cytoplasmic shuttling of FUS can be modulated by PRMT1
[21]. During early Xenopus development, fus is necessary for proper
mRNA splicing of key developmental regulatory genes [22]. The second
calcium target gene identiﬁed in this study, brd3, encodes a member of
the BET (Bromodomain and Extra Terminal motif) proteins family.
Bromodomain-containing proteins are acknowledged as key epigenetic
regulators of gene transcription. These proteins can selectively interact
with acetylated lysines on histones to allow transcription [23], but they
can also interact with acetylated transcription factors to promote their
stable association with speciﬁc DNA sequences [24]. Finally, wdr5 is a
core member of the trithorax complex, acting as a “presenter” of the
lysine 4 residue of histone H3 for its speciﬁc methylation [25,26].
Recently, it has been shown that Wdr5 can speciﬁcally interact with
Oct4 to serve as a key mediator of self-renewal and reprogramming
via the embryonic stem cell core transcriptional network [27].
Here we analyzed the expression patterns of these three Ca2+ early
target genes in Xenopus development. On the contrary to prmt1b and
p54nrb, the expression domains of fus, brd3 andwdr5 are not restricted
to neural territories but are also present in other tissues, principally in
the pronephros. It should be mentioned that mlp previously isolated
from our screen is also expressed in pronephric territories [28]. By spe-
ciﬁcally controlling different aspects of the transcriptional machinery,
we propose that these Ca2+ target genes could control the proper
timing of organogenesis during embryogenesis.odc
brd3
wdr5
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Fig. 1. Temporal expression proﬁles of fus, brd3 and wdr5 during early development.
RT-PCR analysis of RNA extracted from embryos at the indicated stages. PCR on RNA
without reverse transcription was performed to check the absence of genomic DNA
(lane—RT). odc was used as a loading control. In Xenopus laevis the mid-blastula
transition (MBT) occurs 6 h after fertilization, at stage 8 and marks the transition
between maternal and zygotic gene expression.2. Materials and methods
2.1. Embryos and animal caps
Xenopus laevis eggs were collected, in vitro fertilized, and embryos
were cultured under standard procedures at 21 °C in amphibian me-
dium [10]. Embryos were staged according to Nieuwkoop and Faber
[29]. Animal caps, corresponding to ectodermal territory, were dis-
sected at stage 8–8.5 and cultured in absence (control) or presence
(induced) of 10 mM of caffeine (Sigma) to trigger Ca2+ release, for
kinetics from 15 to 60 min.
2.2. Suppression subtractive cDNA library
0.6 μg of total RNA from control untreated (i.e., ectodermal) and
caffeine-treated (i.e., neuralized) animal caps cultured for 15 to
60 min was extracted and subjected to the PCR-select cDNA subtrac-
tion kit, followed by PCR-select differential screening kit according to
Clontech instructions, as described [10]. Brieﬂy, we obtained four
populations of cDNA: initial control cDNA population from untreated
animal caps; initial caffeine-induced cDNA population; subtracted
“sense” cDNA population corresponding to an enrichment of speciﬁc
Ca2+-induced cDNAs minus control cDNAs; and subtracted “reverse”
cDNA population corresponding to cDNA from control animal caps
minus caffeine-induced animal caps. The cDNA fragments speciﬁc of
the Ca2+-induced condition were inserted in pGEMT-Easy vector,
bacterially ampliﬁed and spotted on nylon membranes in 4 replicates.
To screen the inserts speciﬁc to Ca2+ induction, the 4 membranes
were hybridized independently with 32P-radiolabeled probes issued
from the 4 previously described cDNA populations. Identiﬁcation of
the fragments of interest was performed by sequencing the corre-
sponding cDNA insert, and compared to Genbank databases.
2.3. RT-PCR
Total RNA was isolated using Qiagen RNeasy mini columns. Random
hexamer primed cDNAwas synthesized using SuperScript II (Invitrogen)
followed by standard PCR methods. Forward and reverse primer sets
were as follows: fus (NM_001086914), 5′-ATGGATTCCAGGGGAGA
TAGG-3′ (F) and 5′-TAAAATTCACAGGCGCACAG-3′ (R) corresponding to
1608–1789 bp region; brd3 (NM_001097126), 5′-CTGTTTTGGCCAAGAT
CACAA-3′ (F) and 5′-TACAGGGGAAAGCATGAAGG-3′ (R) corresponding
to region 3306–3500 bp; andwdr5 (NM_001093505) 5′-AGACCAAATAA
GCCACCTGCCGTTGC-3′ (F) and 5′-GACACGAGGCGTAAGCAATACAATAC-
3′ (R) to region 2157–2530 bp. Annealing temperature was 55 °C. odc
(ornithine decarboxylase) used as housing keeping gene and loading
control was ampliﬁed with 5′-TGGATTTCAGAGACCAAC-3′ (F) and 5′-
CCAAGGCTAAAGTTGCAG-3′ (R) primers corresponding to the 1486–
1717 region. The absence of genomic contamination was checked with
odc ampliﬁcation of the RNA samples without reverse transcriptase.
2.4. In situ hybridization
Probe synthesis for fus, brd3 andwdr5was performed using PCR in
order to generate about 800 nt long antisense digoxigenin-labeled
riboprobes. cDNA templates for fus, brd3 and wdr5were ﬁrst generat-
ed using the following forward and reverse primers as indicated here:
fus, 5′-GCAGCCAAGCTCTTATGGAC-3′ (F), 5′-TCGCCAGTTTCTTCGT
CTTT-3′ (R); brd3, 5′-TCAAGAACCCGATGGATCTC-3′ (F), 5′-TTCCCG
GGATTGTATGATGT-3′ (R); and wdr5, 5′-GTTGGGAATATCCGATGTG
G-3′ (F), 5′-ATGAGGATTGTTCCCCTTCC-3′ (R). PCR was run at 63 °C
in 1.5 mM MgCl2 and for 30 cycles. The following T7 promoter
sequence, 5′-CGATGTTAATACGACTCACTATAGGG-3′, was added in
front of the reverse primer of interest in order to generate in a second
PCR run templates ready for in vitro transcription. Primers were
designed using Primer 3 software [30]. In situ hybridization on whole
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Fig. 2. Spatial expression patterns of fus, brd3 and wdr5 mRNA during Xenopus laevis' early development. In situ hybridization is performed on embryos and sections at gastrula and
neurula stages. Photomicrographs ofwholemounts and sections for fus (left panels), brd3 (middle panels) andwdr5 (right panels) are shown. (A–C) At early gastrula (dorsal view, arrows
indicate the position of the blastoporal lip) fus, brd3 and wdr5 transcripts are detected in the ectoderm and the mesoderm. (D–F) This pattern is conﬁrmed by section analysis (sagittal
section dorsal is on the right, arrows point to the dorsal blastoporal groove) which shows labeled ectoderm (ec) with no difference between the dorsal and the ventral sides and in
the dorsal mesoderm (mes). The endoderm (end) is not labeled. (G–H)Whole-mounts at early neurula stage (anterior view, dorsal side up), expression is restricted to neural territories
as indicated by the dotted areas. (J–L) Transversal section analysis (section is a trunk level, dorsal is up) shows that fus, brd3 andwdr5 are expressed in the neural tube (nt). Enlargement of
respective sections (J’–L’), the epidermal ectoderm (ep) is labeled for fus (J’) but not for brd3 andwdr5 (K’, L’). A strong expression is present in the intermediatemesoderm (im) and in the
lateral plate mesoderm (lpm) for fus andwdr5 (J’, L’) while brd3 is clearly expressed in the somitic mesoderm (so). Abbreviations: ec; ectoderm, end; endoderm, ep; epidermal ectoderm,
im; intermediate mesoderm, lpm; lateral plate mesoderm, mes; mesoderm, n; notochord, nt; neural tube, so; somitic mesoderm. Scale bars 0.5 mm in (A–L).
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viously described [11].
3. Results
3.1. Identiﬁcation of fus, brd3 and wdr5 by differential screening of
subtractive library
In order to identify genes that are speciﬁcally induced by a rise of
intracellular Ca2+, we have constructed a subtractive cDNA library
using the animal caps in Xenopus laevis. In this model, untreated
animal caps spontaneously evolved towards an epidermal fatewhereas a caffeine treatment, as short as 15 min, is sufﬁcient to in-
duce a release of intracellular Ca2+and to trigger neural fate of the
ectoderm (for review see [1]). To isolate the early genes that preco-
ciously respond to Ca2+, we ﬁrst prepared animal caps from stage
8 embryos and cultivated them in absence (control) or in the
presence (induced) of caffeine to trigger a burst of intracellular
Ca2+ concentration as previously described [11]. A suppressive sub-
tractive hybridization (SSH) was performed between these Ca2+-
induced and non induced animal caps to generate a cDNA library
enriched in cDNA fragments corresponding to genes speciﬁcally
expressed in the Ca2+-induced ectoderms. Clones of the subtracted
library were loaded on nylon membranes and these deposits were
Table 1
Summary of fus, brd3 and wdr5 expression patterns in the developing Xenopus embryos.
fus brd3 wdr5
Gastrula
Ectoderm +++ +++ +++
Mesoderm ++ (+) +
Endoderm − − −
Neurula
Neural tube +++ + ++
Notochord + (+) −
Archenteron roof (+) − (+)
Epidermal ectoderm ++ − −
Somitogenic mesoderm − (+) (+)
Intermediate mesoderm +++ (+) ++
Lateral plate mesoderm +++ (+) ++
Tailbud
Cement gland − ++ +
Telencephalon (+) (+) (+)
Mesencephalon + + +
Rhombencephalon + + +
Spinal cord +++ + +
Optic cup/Eye ++ + ++
Otic vesicle + + (+)
Branchial arches ++ (+) +
Heart + (+) (+)
Somite − − −
Pronephros ++ ++ +
Proctodeum + + +
Epidermis − − −
Tail bud +++ + +
+++, ++, +, and (+): presence of detectable ISH signal from very high (+++) to
weak (+) expression.
−: absence of detectable levels of expression.
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duced, and subtracted populations to highlight the presence of
Ca2+ responsive genes. Data are presented on Supplementary Fig.
1. Three isolated cDNA fragments corresponding to the genes fus (fused
in sarcoma, accession number NM_001086914), brd3 (Bromo-domain
containing 3, accession number NM_001097126) and wdr5 (WD repeat
5, accession numberNM_001093505)were further studied as they repre-
sented the most pertinent candidates with Ca2+-dependent expression
as the ones previously described [10–12].
The expression of fus, brd3 and wdr5 during early Xenopus laevis
development was analyzed by RT-PCR (Fig. 1). Abundant fus, brd3
and wdr5 transcripts were observed prior the mid blastula transition
(MBT), from fertilization (stage1) to early blastula (stage7) indicating
a strong maternal expression. Then fus, brd3 and wdr5 are all
expressed zygotically from stage 9 onwards.
3.2. Spatial expression patterns at gastrula and neurula stages
As Ca2+ signaling is a necessary pathway to instruct the compe-
tent ectoderm to the neural fate, we veriﬁed whether the three
Ca2+-induced genes selected here by SSH displayed an expression
pattern in neural territories during early Xenopus development
using in situ hybridization. Expression patterns of fus, brd3 and
wdr5 at gastrula and neurula stages from whole mount embryo and
on vibratome sections are presented in Fig. 2 and summarized in
Table 1. All three transcripts were detected during gastrulation
with a signiﬁcant expression in animal and marginal zones
(Fig. 2A–C). Sagittal sections in Fig. 2D–F reveal that fus, brd3 and
wdr5 are expressed in the ectoderm with no difference between
the dorsal and the ventral side. However, in the mesoderm these
three genes display differential expression between the dorsal and
the ventral side. In the dorsal mesoderm fus, brd3 and wdr5 areexpressed homogenously. In the ventral mesoderm brd3 is weakly
expressed and wdr5 seems to be absent (Fig. 2E and F). No labeling
was detected within the endoderm. At neurula stage, while fus is
expressed in anterior and posterior neural territories as well as in
epidermal ectoderm (Fig. 2G), the expression of brd3 and wdr5 tran-
scripts is restricted to neural territories (Fig. 2H–I). It is to note that
the overall level of expression of the three transcripts during gastru-
lation is low. In order to better analyze their speciﬁc sites of expres-
sion, in situ hybridization was then performed on transverse
sections. On transverse trunk sections, fus staining was prominent
in the neural tube as well as along the lateral plate mesoderm
(Fig. 2J). Higher magniﬁcation indicates that fus transcripts are present
in the epidermal ectodermand in the intermediate and lateral plateme-
sodermwhile absent in the notochord and veryweakly expressed in the
somitic mesoderm (Fig. 2J’). The expression patterns for brd3 andwdr5
reveal a strong expression in the neural tube like for fus (Fig. 2K, L, K’
and L’). However, in contrary to fus no expression is detected in the epi-
dermal ectoderm (Fig. 2K’,L’). While the expression ofwdr5 is detected
in the intermediate and the lateral plate mesoderm (Fig. 2L’), brd3 is
expressed at a low level in the intermediate mesoderm and seems to
be absent in the lateral plate mesoderm (Fig. 2K’). In addition, brd3 sig-
nals in the somitic region could be detected and are stronger than those
derived from fus and wdr5 transcripts (Fig. 2J’–L’). The spatial expres-
sion patterns at neurula stage indicate that fus, brd3 and wdr5
genes are present not only in neural territories but also in the inter-
mediate mesoderm, a tissue from which originates the larval kidney
(i.e. the pronephros).3.3. Spatial expression patterns at tailbud and tadpole stages
Following on Xenopus development, we analyzed the expression
of fus, brd3 and wdr5 at tailbud and tadpole stages in order to deter-
mine whether these three genes are also present in the pronephros.
Data are summarized in Fig. 3 and in Table 1. At early tailbud stage,
prominent expression of these three genes was found in the central
nervous system (brain and spinal cord) (Fig. 3A–F). The optic cup
and to a lesser extent the otic vesicle expressed also signiﬁcant
level of fus, brd3 and wdr5 (Fig. 3A–C). fus and wdr5 transcripts are
clearly present in branchial arches (Fig. 3A,C), while brd3 is weakly
expressed in this structure (Fig. 3B). The cement gland is negative
for fus and positive for brd3 and wdr5. Interestingly, examination of
vibratome sections subjected to in situ hybridization for these
three genes revealed that they are all expressed in the pronephros
as well as in the lateral plate mesoderm (Fig. 3D–F). At late tailbud
stage, a strong expression of fus, brd3 and wdr5 remained in the
developing eye and otic vesicle (Fig. 3G–I). The nascent tail and
proctodeum become positive for these three Ca2+ early target
genes. However, although fus and wdr5 are still highly expressed in
the spinal cord, the pronephric tubules and the lateral plate meso-
derm (Fig. 3J,L), brd3 expression was nearly absent in those compart-
ments (Fig. 3K). Examination of tadpole stage embryos showed that
fus, brd3 and wdr5 transcripts are present in the tail (Fig. 3M–O). An
additional fus expression is now observed in the migrating muscle
anlagen. As shown in the transverse sections at pronephric level
(Fig. 3P–R), fus is still highly expressed in the central nervous system
and the embryonic kidney (Fig. 3P) while brd3 and wdr5 remain
faintly expressed in the spinal cord but they are no more present in
the pronephric tubules (Fig. 3Q,R). From the tailbud stage, no detect-
able levels of fus, brd3 and wdr5 could be visualized in the somites.
Each three genes selected from the SSH library of Ca2+-
dependent genes exhibits a highly dynamic expression pattern dur-
ing Xenopus development, from competent ectoderm at gastrula to
the central and sensorial nervous systems, and from mesoderm to
lateral plate mesoderm and its regionalized derivatives, particularly
the pronephros.
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Fig. 3. Spatial expressionpatterns of fus, brd3 andwdr5 at taibud and tadpole stages inXenopus laevis. In situ hybridization is performedon embryos and sections at early (A–F), late tailbud
(G–L) and tadpole (M–R) stages. Photomicrographs of wholemounts and sections for fus (left panels), brd3 (middle panels) andwdr5 (right panels) are shown. (A–C) At early tailbud fus,
brd3 andwdr5 transcripts are expressed in anterior neural structures; telencephalon (Te), mesencephalon (Me) and rhombencephalon (Rh) and in the optic cup (oc). A strong expression
is detected in the branchial arches (ba) for fus andwdr5 (A, C). The cement gland (cg) expressed brd3 andwdr5 (B, C). The tail bud (tb) and the pronephros (p) express fus at this stage (A).
(D–E) Transversal sections at the level of the pronephros show the expression of all three transcripts in the spinal cord (sp), the pronephric tubule (pt) and the lateral plate mesoderm
(lpm), and the endodermal yolk mass (end), notochord (n) and somites (so) are not labeled. (G–I) Late tailbud stage shows similar labeling patterns to the early tailbud. In addition, the
pronephric tubule (pt) and duct (pd) are clearly labeled for fus; and the heart territory (h) for fus andwdr5 (G, I). (J–L) Transversal sections at the level of the pronephros conﬁrm these
patterns of expression and reveal that the level of brd3 transcripts decreases at this stage. (M–O)Whole-mounts and (P–R) transversal sections at pronephros level tadpole stage. Section
analysis at this stage reveals that fus transcripts remain expressed in spinal cord (sp) and pronephric tubules (pt) brd3 and wdr5 are undetectable in these structures. Abbreviations: ba;
branchial arches, cg; cement gland, e; eye, end; endodermal yolkmass, h; heart territory, lpm; lateral platemesoderm,Me;mesencephalon, n; notochord, oc; optic cup, ov; otic vesicle, p;
pronephros, pd; pronephric duct, pt; pronephric tubule, Rh; rhombencephalon, so; somite, sp; spinal cord, tb; tail bud, Te; telencephalon.
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Our subtractive cDNA library speciﬁcally enriched in Ca2+-
responsive early genes leads to the identiﬁcation of three genes
known to be involved in the modulation of the transcriptional ma-
chinery, namely fus, brd3 and wdr5. Here we show that their
expressions are spatially and temporally controlled during Xenopus
embryogenesis. At gastrula, all three are expressed in the ectoderm
and mesoderm whereas their transcripts were below the threshold
of detection in the endoderm. Later on, all three transcripts are
found in neural and sensorial territories (encephalon, neural
tube, eye and branchial arches) and among the mesodermalderivatives, the pronephros turn out to express signiﬁcant levels
of each of them as soon as the renal primordium is formed. Then
the expressions of fus, brd3 and wdr5 cease sequentially from
early tailbud stage, with brd3 being extinct ﬁrst followed by wdr5
at tadpole stage, whereas renal fus expression remains. Few data
are available on their expression in other animal models. For exam-
ple, themurine homolog of fuspreviously named pigpen is developmen-
tally regulated during craniofacial morphogenesis with a prominent
expression to proliferating regions of the lens and neural retina [31].
The expression of brd3 is spatially restricted in mouse neonatal neocor-
tex [32]. Forwdr5, the drosophila homologwds (will dye slowly) is abun-
dantly expressed in the larval brain [33]. Besides these expected neural
1670 A. Bibonne et al. / Biochimica et Biophysica Acta 1833 (2013) 1665–1671expressions, fus, brd3 and wdr5 transcripts are also present during
mammalian kidney development [31,34]. They are all expressed in the
epithelial ureteric bud and/or the mesenchymal pool of nephron pro-
genitors. However, if the expressions of brd3 and wdr5 are sustained
throughout renal organogenesis, fus expression was not detected
during the ﬁnal boost of nephron formation [34].
The duality of neural and renal expressions is not uncommon
during development. In fact, identical signaling pathways, including
BMP, Wnt, FGF and GDNF are implicated during Xenopus neural and
kidney development [35,36]. The requirement for Ca2+ signaling
has also been demonstrated during the early phases of neural and
pronephros development in the amphibian [1,18]. A screen aimed
at uncover genes involved in acquisition of a neural identity by ecto-
dermal cells after BMP inhibition, identiﬁed several clones which
displayed expression in both nervous system and pronephros in
Xenopus laevis. One of them, RNAbpEWS, is a member of the FET fam-
ily of DNA/RNA-binding proteins, which comprises fus [37].
To date few experiments have tackled the function of these genes
during early development. Very recently, fus involvement during
early Xenopus development has been demonstrated [22]. Failure to
gastrulate and defects of mesodermal differentiation upon fus knock-
down were notably related to intron retention of FGF8, a growth fac-
tor required for early mesoderm induction [22]. Interestingly, FGF8 is
also known to play a crucial role for optimal renal territory formation
in mice [38]. Knockdown of wdr5 during Xenopus development leads
to mesodermal and endodermal patterning defects illustrated by
shortened and twisted tadpoles and gut abnormalities [26] as well
as to a signiﬁcant decrease of the smooth muscle cell lineage [39].
The former defects were secondary to abnormal spatial regulation
of Hox gene expression, related to a default of the methylation state
by the H3K4 methyltransferase complex [26]. This further agrees
with wdr5 being a component of the mammalian SET1A/SET1B his-
tone H3-K4 methyltransferase complexes [40]. In mice, optimal
wdr5 levels are required for induction of the osteoblast [41].
In conclusion, although chromatin remodeling and transcription-
al activation during cell lineage determination is required for opti-
mal embryogenesis, very few data are available on both spatial and
temporal expression patterns of chromatin remodelers during em-
bryogenesis. Here we provide evidence that fus, brd3 and wdr5 are
present during key steps of Xenopus development and are spatially
and temporally restricted. They are sequentially expressed during
pronephros formation. If fus is known to be a central factor in early
amphibian development, additional investigations are needed to
further characterize its role during kidney formation. The same
holds true for wdr5 as a potent transcriptional activator, and brd3
as a transcription initiation factor. Finally the occurrence of epige-
netic modiﬁcations that have been recently reported during kidney
development [42,43] illustrates that they are likely to be essential
to establish a kidney-speciﬁc fate.
Supplementary data to this article can be found online at http://
dx.doi.org/10.1016/j.bbamcr.2012.12.015.
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